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Large Ic and hadronic structure of projectiles

* At high energies, the longitudinal distance essential for a given process

Increases with the beam momentum Plab, Feinberg, Pomeranchuk, Suppl. Nuovo Cim. Ill (1956)
652; Gribov, loffe, Pomeranchuk, Yad. Fiz. 2 (1965) 768; loffe, PLB 30 (1969) 123
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lc:E: (\/M*2+p12ab_\/m;2l+p12ab) = M*Zlb 2 > Rtarget

* In this case, the projectile of mass mn can fluctuate into hadronic fluctuations
of mass M*, whose interactions with the target are Lorentz-dilated.

* This picture is especially fruitful for description of diffractive dissociation in
target frame.

* In soft hadron-nucleus scattering, it is realized via eigenstates of the
scattering operator (cross section fluctuations), Good, walker, PR 120 (1960) 1857

* In QCD, it is realized as quark-gluon color dipoles of different transverse
sizes; color fluctuations of the gluon density correlated with proton size,
Frankfurt, Strikman, Treleani, Weiss, PRL 101 (2008) 202003; fluctuations of the proton shape (hot
SpOtS), Mantysaari, Schenke, PRL 117 (2016) 5, 052301; Cepila, Contreras, Tapia Takaki, PLB 766 (2017) 186.

» Correspondence between fluctuations and dipole model valid only at t=0! 2



Good-Walker cross section fluctuations

* The notion of composite structure of energetic projectiles can be realized by
expansion in terms of eigenstates of the scattering operator, cood, walker, PR 120

(1960) 1857
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e Total diffractive cross section:
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e Elastic cross section:
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* Diffractive dissociation (inelastic diffraction) is possible only if different
fluctuations interact with different cross sections, i.e. when there are cross

section fluctuations: . , .
()= (@) (@)= 17 (00— )



Probability of cross section fluctuations

: .
* In applications, it is more convenient to Z x|” = / doP(0),
k

work with continuous version, Miettinen,
Pumplin, PRD 18 (1978) 1696; Blattet, Baym, Frankfurt,

_ o = doP(o)o
Heiselberg, Strikman, PRD 47 (1992) 2761. < > / ( ) ,

) = / doP(0)o”

* Except for small g, the distribution P(o) is non-perturbative and needs
modeling. It satisfies the following constraints:

/daP(a) =1, /dO‘P(O‘)(O‘2/O't20t —1) = (%)jﬁ;/(%)io = W,
/dO'P(O')O’ = Oot

« Small-o from quark counting rule, where nq is number of valence quarks:
Pp(0> ~ 0,

P.(0) ~ const

Ph(O'>OCO' —>

* For definiteness, Gaussian decay for large o.



Cross section fluctuations for protons

* Distribution P(o) for protons, siattet, Baym, Frankfurt, Heiselberg, Strikman, PRD 47 (1992) 2761

Py(o) = Ny L0 _~toeu/ ey

Polog+1
« Width of fluctuations ws — from . g Vs/(24GeV), 2{5 <5‘E GeV, .
data on anti-p-p single diffraction ~ “"*/ 7\ < Vs < 200 e,
£ —0.0561In(y/s/200 GeV), /s> 200 GeV,
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pA coherent diffraction dissociation

* This formalism gives rise to diffraction dissociation of hadrons on nuclei and

provides a good description of the available fixed-target data, rrankfurt, Guzey,
Strikman, J. Phys. G: Nucl. Part. Phys. 27 (2006) R27

Ugfff B /d2b /ngp(a)<pHFA(b)|2|p> _ (/ dO-Pp(O-)<p’FA(b)|p>)2:|

o Coherent Nuclear Diffraction
Pa(b) =1—e 2Tal®) |

Ta(b) = / dzpa(b,2)

A Em(p,X)Em
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* Cross section fluctuations also

account for major part of large Et : + K AnpA

fluctuations in heavy-ion collisions at T « **
CERN SPS, Heiselberg, Baym, Blattel, Frankfurt, ! : X

strikman, PRL 67 (1991) 2946, and strongly affect : *
charge particle multiplicity in pA ? *
scattering at 5 TeV, AtLAs coll, EPJC 76 (2016) 4, |
199 — also expected in YA R -




pPA coherent diffraction dissociation (2)

* At collider energies and in wide range of impact parameters, inelastic
diffraction is strongly suppressed due to blackness of interactions (ws —0) —
it competes with the e.m. mechanism, Guzey, Strikman, PLB 633 (2006) 245
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Cross section fluctuations for p mesons

 Similarly to the proton, one can construct P(o) for pions, Biattel, Baym, Frankfurt,
Strikman, PRL 70 (1992) 896 and P MEeSO0NS, Frankfurt, Guzey, Strikman, Zhalov, PRB 752 (2016) 51

 Contribution of small-o fluctuations is enhanced compared to pion due to
point-like y-p coupling (VMD), which is also supported by HERA data on

o(yp—pp) cross section

1
P,(o0) = N, o~ (0=00)%/(Q00)*

(0/00)* +1

* In addition, the width of fluctuations ",
Wo is enhanced by small-o

0.035

fluctuations with large pr and M*. g
Using relation (factorization) o 002
between a(yp—Xp) and o(zp—Xp) 0.02 |-~
2 0.015 |-
wg — <fp> O-W;O-Wp §w§ 0.01
c TpN 2 0.005

* Resulting P(o) for p mesons, Frankiurt,
Guzey, Stasto, Strikman, review submitted to ROPP
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Coherent p photoproduction in heavy-ion UPCs

* The natural application/test of this formalism is coherent photoproduction of
P mesons on nuclel

p
OnA—spA = (JCE) /d2b |/d0Pp(0) (1 — e_%"TA@)
P

* It generalizes VMD+Glauber model giving most of nuclear suppression $2~0.17
by accounting for inelastic diffractive intermediate states leading to additional
30% Gribov shadowing correction .

* Good agreement with RHIC and ALICE (Runs 1&2) data on coherent p
photoproduction in Au-Au and Pb-Pb UPCs, Frankfurt, Guzey, Strikman, Zhalov, PRB 752 (2016)
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Cross section fluctuations for photons

* It is well known that real and virtual photons reveal their hadronic structure
in strong interactions, e.g. VMD accounts for ~70% of o(yp).

* Two types of hadronic fluctuations: (i) aligned quark-antiquark pairs with
asymmetric momentum sharing, small pt and large c~opn, (ii) small-o
perturbative dipoles. The relative importance of these two components

depends on Q2and M* of the produced diffractive state, e.g. p vs. J/y.

* As in the case of p, z, p, it is convenient to introduce P(o) for photons

[

/aZJP,Y(J)J2 = 167Td07p_>);pt(t =0)

. IdoPy(o)=°o due to infinite renormalization of photon Green’s function.

« A model for P,(o) should interpolate between the small-o (pQCD) and
large-o (VMD) regimes.
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Cross section fluctuations for photons (2)

« For small o, we used the dipole model by rewriting o(yp)=/d2r|W,|2 Gdipole in
terms of 0(yp)=fd0Py(0)0, Alvioli, Frankfurt, Guzey, Strikman, Zhalov, PLB 767 (2017) 450

- mdr?
pdivole(5) — e /dz\If 2, 1(005), M) |?
v < ) Z q do_qq(,r’ mq) ‘ "Y( ( QQ) Q>| |0'ch(7“,mq):(7
q
7T2
0q(r,mg) = =105 (Q%)xerg(zex, Q%) 18 the dipole cross section, McDermott, Frankfurt,
3 Guzey, Strikman, Zhalov, EPJC 16 (2000) 641
3 em .
Wh(r,Q,2)* = 20;2 et {22+ (1 — 2)2)QFK7(Qyr) + m3K3(Qr)}  is the photon wf
2
- For large o, we approximate P, (o) by P(o 1 e
J PP PAOYbYPO)  Brviyalo) = o \ 7 ) rlo)
for p mesons + w, ¢ in SU(3) limit p
( P;hpOle(a, Wy, o <10 mb,
* Smooth interpolation between  P,(o,W) =< Py(o, W), 10 mb < o < 20 mb
small and large o: | Plprwra)n(0:W), 0 >20mb.
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Cross section fluctuations for photons (3)

* For virtual photons, we used both T and L photon wf's for small-o and VMD

for large-o 1 fe\? m?
Plptwte)/y-(0) = 9 (f_> Q% + m2 Py(0)
p p

. Resulting P(O') for real and virtual phOtOﬂS, Frankfurt, Guzey, Stasto, Strikman, review submitted
to ROPP
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- The model for P,(o) gives good description of a(yp) and do(yp— Xp)/dt(t=0).
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Coherent J/y photoproduction in heavy-ion UPCs

* Like coherent photoproduction of p mesons on nuclei probes P(o) for p
mesons, coherent J/y probes moments P,(0), Guzey, Strikman, Zhalov, EPJC 74 (2014) 7, 2942

J/

Myassgpalt=0)

- 00 oTa(b)  o2T2(b)  o®T3(b)
) - %/0 daP(a)/de[ g - 2;‘2! + 231“3! _—
A doPQP (= 0)/dt = %*(5)?/(167)

Yp—J/dp

* Combining the Gribov-Glauber model of nuclear shadowing with collinear
QCD factorization for hard diffraction, one has for the leading contribution to
nuclear shadowing (interaction with 2 nucleons), Frankfurt, Strikman, EPJA 5 (1998) 293

2 16 Bi 0.1
T =oon)) = Tty [, wson Gt
3
* Higher terms are summed using quasi-eikonal @ = 03
approximation assuming a single effective %)
cross section o3 calculated using P,(o) (oN) = (02)o N2
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Coherent J/y photoproduction in heavy-ion UPCs(2)

* The resulting differential cross section is expressed in terms of the leading
twist nuclear gluon shadowing, Guzey, strikman, Kryshen, Zhalov, PLB 726 (2013) 290; Guzey, Zhalov,

JHEP 10 (2013) 207
doP2D  (Wap,t =0) [ ’
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= doyp—s.1/pp(Wap, t = 0) [ rga(z, p1°) 2/00 dt|F4(t)|?
)

dt Ang (x’ ’LL2 |tmin|
* The nuclear suppression factor el ' '
S ' —
0ya—1/pA(Wap) rgale,p?) 7 OO DY ol ]
Spy(x) = ’ =K K S RLLECTELTRL TR — J
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* Very nice agreement of ALICE_ 0.5 s runt o ]
(Runs 1&2) and CMS results with 0.4 ALCE Runt B 1
models predicting large nuclear 0.3 ALEE Pun 2, y=0 .
gluon shadowing. In particular, with ~ °-2 1 RS0 - o7
leading twist model of nuclear AT | | DS —--
Shadowing, Frankfurt, Guzey, Strikman, Phys. 20‘4 1073 1072 1072

Rept. 512 (2012) X 14



Coherent J/y photoproduction in heavy-ion UPCs(3)

* Good description of Spy is a consequence of large leading twist nuclear
gluon shadowing originating from large probability of diffraction on the proton.

* All of shadowing comes from inelastic Gribov shadowing — compare to a
significantly smaller suppression coming from small dipole-nucleus scattering,

* It is a generic feature of cross section fluctuations: relative contribution of
inelastic shadowing compared to eikonal approximation grows with increase
of we (projectile size).

« Energy dependence of nuclear suppression for p and J/y photoprod. on PDb:
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Number of wounded nucleons in yA scattering

» Gribov-Glauber model for hadron-nucleus scattering is unitary and satisfies
AGK cancellation — cross section of physical process of inelastic production
on v nucleons (wounded nucleons), Bertocchi, Treleani, J. Phys. G: Nucl. Phys. 3 (1977) 147

* Cross section fluctuations in the photon modify it, Alvioli, Frankfurt, Guzey, Strikman,
Zhalov, PLB 767 (2017) 450
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Summary

« Composite structure of hadronic projectiles (p, z, p, y) can be conveniently
accounted for using the formalism of cross section (color) fluctuations.

* In scattering off nuclei, it naturally gives rise to diffractive dissociation and
inelastic Gribov shadowing correction.

* The latter plays an important role in coherent photoproduction of light vector
mesons and quarkonia in heavy-ion UPCs and lead to a good agreement with
the existing data.

 This also applies to incoherent p and J/y photoproduction on nuclei.

* Knowledge of the photon hadronic structure is needed for calculation of
rapidity gap survival probability for the resolved photon contribution in
diffractive dijet photoproduction in UPCs.

* Less explored are predictions for the number of wounded nucleons and the
total yA cross section, which can be studies during Run 3 at the LHC.
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